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Introduction

* The Small Habitat Commonality work is part of
NASA’s Evolvable Mars Campaign (EMC) Doug Craig FISO

e EMC First Three Missions
e Human mission to Phobos Mike Gernhardt FISO

* Followed by two long stay (500 day) Mars surface missions

* This material responds to the question of :
How to maximize commonality across the small habitats

* Approximately 8 months with a part-time, multi-center team

* Results: Created tools to quantify commonality cost savings
early in the planning process. ~$ 3-4B LCC with commonality



EMC Small Habitat Commonality Scope

ation Vehicle

Mars Moon Explo

Pressurized
afistics Elements

Mars Pressurized

Log ents Mars Ascent Vehicle

urized Rover




Many Mars Studies

Many Small Habitats

Study of Conjunction Manned Mars America at the Threshold 243 Annotations
Class Manned Mars Trips Exploration, NASA SEI Synthesis Group The Annotated Bibliography

Douglas Missile & Space | i
9 Study of NERVA-Electric The Mars Tranglt ExPO Mars Program D.S. Portree
System, B Aldrir

A Study of Manned Manned Mars..., Exoloration Tech Studi Study, NASA

Nuclear-Rocket Missions E. Stuhlinger, et al =Xploration 1ech studies, .

To Mars, S. Himmel, et al { Office of Explor., NASA /l:/rLstéunar tO u;‘p?st,

: : EMPIRE, Study of Early penort on the 90-Day Study|dn | | - wport, et a ,

Electromagnetic Launching Manned Interplanetary..gq oo B oo T NASA The Moon as a Way station

As a Major Contribution to Ford Aeronautic - P e for Planetary Exploration, M. Duke

Spaceflight, A.C. Clarke ’e T ‘ The Viking Results-The o
Case for Man on Mars, B. Cl. Combination Lander

Collier’s A Study of Early Inter- [ All-Up Mission, NASA

W. von Braun planetary Missions..., A Case for Mars: Concept Three-Magnum Split

‘ Genler?l Dynan~|,ics Devipmt for Mars Research IMission NASA

| |
1950 1960 1970 1980 1990 2000

Planetary Engineering Libration-Point Staging Dual Landers Presentation
On Mars, C. Sagan  Concepts for Eafth-Mar NASA (B. Drake)

The Mars Project

W. von Braun . .
R. Farguhar & D| Durham (2) Design Reference Mission 4.0,
Can we Get to Marsp Manned Interplanetary pi q h Bimodal and SEP. NASA
W. von Braun M/ﬁS/on Study, Lockheed "oneering the Lpa ) ’
' Conceot for a Manned Mar Frontier, Nat’l Design Reference
The Exploration of Mars E)?pgsiﬁt’ior? thh Zlecetrica /7}/5 Comm on Space Mission 3.0, NASA
W. Ley & W. von Braun E. Stublinger & J. King Teadership and Americd’s Dt_a5|g_|n Reference
' Future in Space, NASA Mission 1.0, NASA

Manned Entry Missions
To Mars and Venus,
Lowe & Cervais
Capability of the Saturn V

To Support Planetary Exploration

G.R. Woodcock

Exploration Tech Studies| The L1 Transportation
Office of Explor., NASA | Node, N. Lemke

A Smaller Scale Manned| Mars Direct: A Simple,
Mars Evolutionary Program Robust..., R. Zubrin

|. Bekey

Conceptual Design for a
Manned Mars Vehicle, P. Bono

*A Comparison of Transportation Systems for Human Missions to Mars, AIAA 2004-3834 **Bold type represents selected studies
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EMC Small Habitat Commonality

Mars Mars Moon Mars Moon Mars Mars EAM EAM
Ascent Taxi Exploration Rover Logistics Logistics
Vehicle Vehicle Module
Before g Not Not
1 | F Included Included

Commonality

EMC
Commonality

o3

Crew Size 4 4 2 2 0 2-4 0
Duration 1.8 da (44 hrs) 3.2da (77 hrs) 14 days (max) 14 days Temporary 14 days Temporary
1 Sol-Phobos- (max) access (max) access
Deimos-1Sol
Reuse Disposable Disposable Disposable Reusable Disposable/Rep Reusable Disposable/Re
urpose purpose
Environment Mars surface, Mars Orbit Mars Moon Mars Mars surface Cis lunar Cis lunar orbit
Mars Orbit surface (possible orbit) orbit
EVA No EVA One way Micro-g Mars No EVA Attached No EVA
transport 4 suits (suitport) surface Micro-g
to Mars moon (suitport) Airlock




Commonality: Lead From the Start and Never Stop

Program Development

........ ot
Commonality is intentional

Must be at the front-end (then continues)

Does not flow this
(Commonality lost)
Initiated & controlled by management

Control Gate

Unique DDT&E

NASA Program DDT&E

Mars Small Habitats will Use NASA Program/Project Life Cycle Process

li

%;EJ ~250 Items E é?gg E




Advantages/Disadvantages of Commonality

Advantages
e Reduced cost (one vs. multiple DDT&E)
e Improved safety (common operations)
e Interoperability
e Reduced logistics (same spares for different habitats)
e Simplified infrastructure integration (one interface vs. multiple)
e Simplified training (one system vs. multiple)

Disadvantages
e Sub-optimized (each application usually gives up unique attributes)
e May preclude inclusion of latest technology

1970s Commonality Space Station Common Module Inter-modal Cargo Container




Major Elements of Commonality

Physical Functional Acquisition Management
Size, Geometry, Operations, Procurement, Implementing
Subsystems, etc. power, data, etc. DDT&E, life-cycle recommendations
: i Single
Highest Commc_)nallty Index g Report to Prog Mgr (safety)
R 5 Identical
imi Gov Furnished Equi .
4S!m!lar (most subsystems) quip Line Mar
3 Similar (many subsystems)
imi Build to Print
2 S!m!lar (some subsystems) Document w/o Mgr
1 Similar (few subsystems)

0 Unique Multiple



Objective: Maximize Small Habitat Commonality

Without Commonality Commonality Objective
(Separate Parallel Development) (Single Major Development with Small Delta Developments)
Separate DDT&E
L DDT&E

Initial Habitation Common Core

Moadule

1
MAV Mars Taxi Mars Rover Logistics

Delta DDT&E

A

Recurring
Mars Rover

Initial Habitation
Module MAV

Ll Logistics

Analogous Program DDT&E and Reduced Program Schedule
Recurring Unit Manuf.$ Commonality Arrive at
-Manufacturing Rates 2-3/year- Decnlsmn rsc N
i N
2015 $B : O
$35 20-31%B Initial Habitation Module ' Development Mars Moon i Lor;iasvu;flace | :‘;\‘,Q'b
DDTE | N
sS30 Pressurized Logistics Module i \v. '
. |,_Reference Devimnt? X '
L= Space Exploration Vehicle : : :
$20 12-16$B : B : |
DDTE Mars Logistics Module ' , |
$15 Commonality Savings X i
s10 0.4-1.0$B 0.3-1.1 $B GAERC - ekl : i
.4-1. .3-1. I
1 1
<5 S e Mars Ascent Vehicle | | BEEMET Recuring | :
: (Second MAV), :
$- — Pressurized Rover | | 45yrs | DeltaDev |
1 — (Rover 2{3,4) , |

LEM  CSM ¢




Creating a Core Commonality

Commonality Assessment Tool
Based on Master Equipment List Comparison

Element Mass Mass Difference

Subsystems Components ) ) ) o
FUnCtIOﬂa'ItV b\/ Habitat (Compared to most inclusive)

Lot Tk oo s oce, o s poven ] s o oo ] caw | oo ocsnes oo |

Core Commonality

Anticipated Anticipated
Additions / Omissions
N (R ey IR S _—— e .
Core

Commonality

Mars Ascent Mars Moon  Mars Moon Mars Initial Pressurized
Vehicle Taxi Exploration Rover Habitation Logistics
(4 crew) Vehicle Module

Pressurize Logistics
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Commonality: Heritage + New

Breadth

Ready to Dock (Active Mode)
Soft Capture System Extended

Mﬂl'g‘
< Avionics
4 f ySoftware
X : B W= A
e 5 , & ;r
State of the Art 0/,  Technology Development
(Excluding -302 Passive Mode) ™ J&
Soft Capture System Retracted e y oo
~ st P :
TSRANdards -
Electrical Boxes mounted in host PlanEtary
Space Suits
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Commonality Acquisition and Management

Boeing 757 Boeing 767

Boeing - 4
Vice President

Wide body 5.03 m

Narrow body 3.54 m

Common Cockpit

Lower Development Cost
Lower Operating Cost
Common cockpit type-rating allows crews to fly both 757 and 767
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http://en.wikipedia.org/wiki/Image:Ba_b757-200_g-bpee_arp.jpg
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http://en.wikipedia.org/wiki/Image:Aircanada.b767.750pix.jpg
http://www.google.com/imgres?imgurl=http://members.tripod.com/mwaviation/images/757-005.JPG&imgrefurl=http://members.tripod.com/mwaviation/new_page_4.htm&h=106&w=135&sz=43&tbnid=LE3JlVv-hpcJ:&tbnh=106&tbnw=135&prev=/images?q=Boeing+757+cockpit&sa=X&oi=image_result&resnum=1&ct=image&cd=3
http://www.google.com/imgres?imgurl=http://members.tripod.com/mwaviation/images/757-005.JPG&imgrefurl=http://members.tripod.com/mwaviation/new_page_4.htm&h=106&w=135&sz=43&tbnid=LE3JlVv-hpcJ:&tbnh=106&tbnw=135&prev=/images?q=Boeing+757+cockpit&sa=X&oi=image_result&resnum=1&ct=image&cd=3

Development Schedule and Sequence’

SEP/Chem

Commonality Arrive at

Decision KSC

: | ‘ Launch Date

L
1 T
| 1 1

Mars Moon Long Surface
EAM Development _ _ I I
A 2 « > '\ stay#2 |
1 |: =I
| |
EAM Logistics Module Development [ ZEEEEEEEE ¢ ' '
ELM 1 ELM 5 I !
| Reference Devimnt? | Long Surface |
|
Space Exploration Vehicle Req Development 4 Stay 1|#1 ;
SEV 1

: :
|
Mars Logistics Module Requirements MtM MtM MtM i\nfm MtM Mm !
1 2 3 4 5 6 :
| |
Mars Moon Taxi Requirements ® ; :
Mars Taxi | 1
: :
:
|
|
|
|
|
|

Mars Ascent Vehicle Requirements Development m »
MAV 1 M)I\v 2
1
1
Pressurized Rover Requirements Development Ro’ers ! Ro’e "
1&2 | 3&4
2014 2018 2022 2026 2030 2034 2038 2042 2046

Year

1 Based on 1/28/15 EMC Manifest
2 HEOMD Support to MPPG, Notional Development/Risk Reduction Schedule for a 2033 Human Mars Mission, July 2012
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Number of EMC Small Habitats

SEP/Chem

Challenge: How to achieve commonality with few elements over many years

Mission Phase Mars Ascent Mars Mars Moon Mars EAM | Logistics | Logistics
Vehicle Moon | Exploration | Rover Module | Module
(4 crew) Taxi Vehicle (EAM) (Mars)

Proving Ground 1 5 6
Phobos Mission 1 1 2 4
Mars Long Stay #1 1 2 2 5
Total 1 1 1 2 1 5 4 15
Mars Long Stay #2 1 2 2 5
Total 2 1 1 4 1 5 6 20

|
8 “Mars” Habs over 14 years

9 Habs over 20 years 13 Logistics Modules

Note: Based on 1/28/15 EMC Manifest
14



Example of Core Commonality

Apollo Lunar Excursion Module

v

DDT&E Recurring

Apollo 5 Apollo9 Apollo10 Apollo1l Apollo12  Apollo13 Apollo 14

I | C I a SS (9 ) &~ A, A, A, A, ) ) A,
ST By L AL B Bl L Bl L Bl L By Bl
- = - = P = & e = g = o4 = - e -

Apollo15 Apollo16 Apollo17 Extended engine bell
Ay i“%* Increased descent fuel tanks
e SN

J Class (6) :Z_L

Ky L

Added waste storage tank
e Added Lunar Roving Vehicle
Allowed up to 75 hrs on the Moon

| Delta Development |

|
15 LEMs over 4 years
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Commonality Recommendations*

Commonality Strategies
Most Applicable

NASA acquisition Reactive Corpmon
too broad for Building
forward commonality Reuse Block

(Existing Systems) ]

(High-value)

Acquisition Directed Build Supply As

Contractor To Gov Furn

Development Print Equip

Life cycle incentive payment and commonality awards fees

Strong Systems Engineering

(with vision and authority to force projects into performance-cost compromises)

Strong Management Team

(with authority to compel projects to take action in interest of architecture)

*Acquisition Strategies for Commonality Across Complex Aerospace Systems-of-Systems, A.C. Wicht, Master’s Thesis, MIT, 2011
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ANALYSIS TOOL



Small Habitat Master Equipment List

Mars
Ascent
Vehicle

Mars Moon
Taxi

Mars Moon
Exploration
Vehicle

Mars
Rover

Mars
Logistics
Module

EAM

EAM
Logistics

Habitats only

» Other Input Features

Common MEL for each Hab

Component / Subassembly
level of detail

Inclusive “superset” of
component choices

Component quantity
specification controls content

grapple fixtures 1 34 40
NDS (Passive) 0 161.27
NDS (Active) 1 351.14
CBM (Passive) 0 161.27
CBM [Active) 0 264 81
End Hatch 1 105.06
Radial Hatch 0 125.00

— Geometry characteristics
— Component locations (In or Out of Hab)

— Data source references
— Notes and rationale
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Commonality Scoring Process

Assumes specific Common Core scenarios to assess level of commonality

Index values provided to Costing Tool for each subsystem for a given
Common Core scenario

Index is fraction of equipment groups common to Core within subsystems
(1.0=all equipment types are in core scenario)

Currently modeling 3 scenarios:
— Natural Commonality: No equip features forced, common functional needs
— Full-Featured: All features forced, all values=1.0, highest mass impact
— Build-Your-Own: All features are user-selected

Example Commonality Index Matrix (provided to LCC Tool)

Habitat Commaonality Comparison

MARSMOON EXPLORATION

CORE-A (Natural, "Across-the-Board) COMMON  MARSASCENT  MARSMOON  EXPLORATION MARS LOGISTICS AUGMENTATION EAM LOGISTICS
CORE-& VEHICLE [MAV) TAXI VEHICLE MARS ROVER MODULE MODULE ([EAM) MODULE
COMPOSITE 0,52 0.50 0.50 0.50 0.50 0.50 0.50 0.50
STRUCTURES & ME CHANISMS 0.38 0.38 0.38 038 0.38 0.38 0.38 0.38
ELECTRICAL POWER SYSTEMS 0.33 0.33 0.33 033 0.33 0.33 0.33 0.33
AVIONICS D48 D48 0.48 048 048 0.48 048 048
THERMAL CONTROL SYSTEMS 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00
ENVIRONMENTAL PROTECTION 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
ENVIR CTL&LIFE SUPPORT (ECLS) SYSTEMS D60 060 0.60 060 0.60 0.60 060 0.60
CREW SYSTEMS 0.80 057 0.57 05T 057 0.57 057 057
EVa SYSTEMS n.oo 000 0.00 ooo 0.00 0.00 0.oo 0.00
RESEARCH & UTILIZATION SYSTEMS 010 010 0.10 0A0 040 0.0 010 040
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Mass Comparison Table

Common Core
Subsystems EMC Small Habitats Options Ref Habs
\ \ \ \
\f

o P
COMMON
CORE-A COMMON
EXPLORATION Across—the- ~ COMMON  CORE - X BYD
. . MARS ASCENT MARS MODN MARS AUGMENTATI EAM Board CORE -BFull Commonality
Habitat Mass Comparison: VEHICLE  MARS MODN EXPLORATION LOGISTICS ONMODULE = LOGISTICS  Features Only =~ Featured Features REF MAY

1 (MAY) TAXI VEHICLE  MARSROVER  MODULE (EAM) MODULE {Mass. kg) {Mass. kg) (Mass, kg) (ADDM #2) | REF MMSEV
Pl Mass Comparison Totals (kg) 5071 6462 5877 3572 8578 3303 5539 9452 6101 3653 4556
. STRUCTURES & MECHANISMS 1800 1800 217 2215 1750 1754 1750 1855 2267 1470 1700 2426
, ELECTRICAL POVIER SYSTEMS 761 1077 1077 376 491 2437 342 958 2137 1681 371 52
, COMMAND & DATA HANDLING SYSTEMS 231 231 231 231 231 231 231 231 231 % 231 72
. DISPLAYS, CONTROLS & LIGHTS 34 34 34 34 20 34 20 20 34 25 34 16
. GUIDANCE & NAVIGATION SYSTEMS 75 75 75 75 0 75 0 0 75 53 75 13
. COMMUNICATIONS & TRACKING SYSTEMS 82 82 82 82 0 82 0 82 3 82 143
, THERMAL CONTROL SYSTEMS 604 484 336 381 350 484 230 604 604 407 249 387
» ENVIRONMENTAL PROTECTION 415 415 415 415 415 415 415 415 415 0 0 221
. ENVIR CTL & LIFE SUPPORT (ECLS) SYSTEMS 491 656 656 656 162 656 162 273 656 329 358 47
. CREW SYSTEMS 416 212 262 262 54 1470 519 1697 1435 259 239
= EVA SYSTEMS 0 830 560 544 0 576 0 0 579 504 77 299
.+ SCIENCE SYSTEMS 0 0 0 0 0 0 0 0 0 0 7
5 SAMPLE COLLECTION SYSTEMS 11 0 0 0 0 0 0 0 1 11 14 0
4 CONSUMABLES 152 567 607 607 101 664 101 664 664 84 203 236
17
15
13
an

* Provides mass comparisons of Habitats at Subsystem level
« Compares potential Common Core options
 Lists Habitats from prior studies as reference (mapped to same subsystems)
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Overview — Commonality LCC Assessment

Results

— Assessment as Modeled

No Commonality

Element Costs with Commonality as Set
Small-Hab > Element 2 > Element N...

$4,000
$3,500
$3,000
W
1N $2,500
>
p— $2,062
=2
(@] $2,000 $1,856
= $1,650
= $1,547 $1,547
= 1,500
-
$1,000
$500
204 204
5228 sI $159 sl $159 $258 $212 $212 $i3
s ERERREEEBREER
< & << & & & < & < TS & s < & & &
P < @ 3% & 3 & 2 f i < & & & &
*® <& & F e & e & e SR SN
bo‘z I »r SR SR ‘;\‘} ,\77‘\ A2 @V' ) S
O . O
& (,°& \9% &F & é\ -e°° @‘z < <}'§\ K\ @ﬂ‘k
& o 7 & S ANC S
S & F & o o
o P é\’b < Q\°
3 &S

ELEMENT DEVELOPMENT, &
RECURRING MANUFACTURE PER UNIT

With Commonality per MEL

Element Costs with Commonality as Set
Small-Hab > Element 2 > Element N...

$4,000
CREW APP CREW APP
$3,500
CARGO APPS
T’y SR
$3,000 e WL 2P P D
+ 1 -
o3
k-
$2,500
$2,000
$1,716
$1,510
$1,500
$1,304
$1,201 $1,201
$1,000
$773
$500
$228 $228 $231
$106 S $120 $120 5202 Ll 1D
so m m m u s l= B
NS S & & & &
X kQ(\ o «\’ R (\)o 000 N 0 K \0 (Qo \\Q (00 ‘0 SO
P ‘3@ I I S S L S L SRR L) 3"'
& R S ®o OF ®o SOF \\s’@ B Y ,\’5" & ‘_:& &
> & ST N & S
S & KR v Q& cg?“ S e
& & & S & S S
R &é‘ ¥ > N & & &
N3 <& ~ &

ELEMENT DEVELOPMENT, &
RECURRING MANUFACTURE PER UNIT
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HABITAT CONFIGURATION



Small Habitat Interfaces

Common Interfaces and Structural Design

Acceleration Loads

Mission Phase Acceleration Loads Mars Mars Mars Mars | EAM | EAM | Mars
Ascent Moon Moon | Rover Log | Log
Vehicle Taxi Explor Mod | Mod
SLS launch 1) Z/)g5dx<1 15g’s
T al* Fuel Tanks Fuel & Ox
1~ Transonic
S Ko e Full Tanks Full X X X | X X
Transit burns 0.5 g’s axial Fuel Tanks Fuel & Ox X X
Full Tanks Full
Mars entry/ 4.5 g’s axial, Fuel Tanks X X
descent 0.5 g’s lateral® Full
Mars landing 2.75 m/s sink rate Fuel Tanks X
1.0 m/s lateral® Full
Mars ascent 1.3 g's?axial, 0.5g’s Fuel & Ox
lateral* Tanks Full

MMOD Accommodations

Exposure Duration (Dws) Do We
Desﬂnaﬁon Rationale
ransit shlelds?

270- L e
300 Yes ong exposure duration
Mars Transit 365- Near-Earth orbital debris exposure
Habitat = Ees 1095+ = + long Mars orbit exposure
Intertaces Source Equipment Destination Equip _ Ny N q
— Phobos Taxi e aE = 365 - - Near-Earth orbital d.ebrls exposure
comm Astock, Habieat, Pump - 548 + long Mars orbit exposure
Tonor Aurlock 365 - 365- -
ey Aok o sed Phobos Hab > 1204 730 1095+ Yes Very long exposure durations
-1 Comm-Data Rate
I i . risk of i
—_— = Mars Surface _ 1351 ) 500+ Frobab ly Tra#e shield mass vs risk o repair
Atock, Habitst = Hab in transit in Mars orbit before landing
Sirtsieeve Crew Sufed | otk Interes
’::wmm i Mars Pressurized . 1351 ) s T — Depends on whether. it's ex?osed
Rover or encapsulated in transit
Hatch.tncermal, Sample
o Mars Ascent Possibly remove shields for ascent,
. - 1351 - 730 In transit  if ascent is short and MAV is not re-
S Crew Vehicle
TG used
Kook Habts
= Duration times courtesy of K. Goodliff



Design Accommodations

Weightless, Ascent/Descent, Surface Mass per Excursion Duration

Acceleration (Gravity Vector) Og Exercise T2

Phobos Taxi Phobos-Deimos Taxi (1612 kg) Rover
° ' ' ' (One leg crew time) (Three legs crew time) I h
600 1 4 Explr Ve
Deimos and
> Phobos-Deimos Taxi
< 500 (one leg crew time) 0g Exercise CEVIS?
i _ | (100 kg)
MAV
400 —
= ka/
4 crew -
300 — Orion
Commode?
(84.9 kg)
200 —
Zero-g Partial-g 1-g Over 2-gs
100 —
Space Station ~ Lunar Earth Launch _ .
Interplanetary ~ Mars Re-entry Consumidiies
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days
. .
Different Operations Postures Suit Accommodation
Variable g Micro g Mars g Micro g
Mars Mars Moon Taxi Mars Moon Mars Mars Rover Initial Logistics
Mars Ascent Mars Moon Ascent Exploration Logistics Habitation
Operation Vehicle (4 Mars Moon Exploration Transit Phase Vehicle Vehicle Module
. . ;g eas Launch ava ra ¥ Airlog=— ort- EVA ables,
— ) Crew) Taxi Vehicle Mars Rover | Mars Logistics EAM EAM Logistics p ’R’S q"}“ ! ' ! ' ferow mgs Moq - F"“‘“' bgq - Fa'“
isplays an tradis RitdTdlnsit inrovers SUPPOrvere
Controls B DRO staging ‘Sz*{,ﬂ' r!' . O! s“"”oim‘. 24 nd EvAE L habis,
i Vo itha, suppllitsy logit pares
Window NA Transit/outbound Rk o f:‘@f: 2 !\ EE}R}' NA NA
Viewing evasitsand | BTG o rover,
Hatch Mars Orbit NA Teagsied gl s 5”;?”* rE ijﬂ‘! A A
Translation Wl to feo i .::.-;;ﬁ;ml nelprrid
stports) MAV (2 onea.
NA NA NA NA Ravar)
EMU don/doff FoL "" I 00 | e o
i Surface NA NA NA
e - E21
ingress/egress L | | n HEEREEN P
Ascent Trangferd NA NA NA HA NA NA
Task Restraint q:&al}
aski o
NA y
Sleeping \ i
Transit/return* NA NA NA NA NA NA EVA d—hables,
Pers.una\ NA logd "™ hares
Hygiene DRO* NA NA NA NA NA EVAed——hbles, | EVAEhables,
Maintenance - logist ' ares logit " hares
Repair Earth Entry* [ NA NA NA NA NA A
WACES OgEVA Wiars EVA Marg Spares Loghstics 5
2 EVA suits are always on Mars Transfer Vehicle } ( = 24
Couch, *MACES for Transit/return, DRO, and Earth Entry on Mars Transfer Vehicl
|:| NBP l:l / |:| Standing |:| Sitting |:| Crawling l:' Walking l:l Cllmblng- Lying Down or Transit/return and FarfhEntry on Mars fransier venicle

reclined



Selecting a Diameter

Crew Anthropometry and Equipment Location

0.45 m

2.0 m diameter

3.0 m diameter

3.5 m diameter
4.3 m diameter (ISS)

Adequate depth for one

layer packaging of
, subsystem equipment

Ceiling

2.1m

Floor

= A

} (overhead and below deck)

Max EMU +0.2 m

Crew interface
Equipment

passage

Crew interface
Equipment

—— Equidistant-Aisle way

symmetry simplifies design,
analysis and manufacturing

PLSS Hatch Cover
(2 options)

Dust Gate Mech

Suitlock
Controls —\
Suit Access Hatﬂi—/

Release Mech

Leg angle for
suit entry/exit

0.92mx 1.52
(Hatch hpening)

0.64mx0.83m
(Opening)

0.87mx0.98m
(Mech Envelope)

o

PLSS Hatch
Release Mechanism

Suit Access Hatch
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Selecting a Pressure Vessel

Orientation wrt acceleration vector

Geometry
(Starting Point)

End-dome Cylinder End-dome : Orientation Preference

Acceleration

Mars
Moon

Taxi
. Mars
Initial Rover

Hab

Fixed Length

A
y

Vertical Horizontal

MAV
Mars

logistics

Horizontal

Initial
Hab
Logistics

— Longer Barrel l«——

Preferred

i Preferred

v
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Bulkhead Tailoring

Core
Structure

End Cap w/ Hatch

0.5m

End Cap w/ Windows

—

0.5m
Functionality: Driving Avionics and Control

3m
Functionality: Airlock and Dust Mitig

Tailored
End Dome

Functionality: Connectivity

—
0.5m

1.0m

Plain End Cap

Suitlock

Functionality: Suitiock

End Domes
and Adaptors

Suitports —— teh @ 45 Deg.

With NDS

hatch
Cylindrical

ﬁ '40” x 40” hatch)

R | -,
. .
. S

= Conical
(NDS x 40” hatch)
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Small Cabin Common Pressure Vessel

Barrel with isogrid

Features

“Intermodal” common

interface ring
End cone

Load path support
Swappable bulkhead

fixture at quarter points

Power socket

Strawman Sizing

Tankage or other
structures

0.04m dia holes separated
~ Throughput pipes

5555 [2.
> %\"\"33\
& > %\ Power penetrations at
*ﬁ—fo I/ = Quarter points Avionics attic space
4
Vs [ ¢/ / B .
O \ ower conduit a
/ ‘ /1l N P conduit at
| o quarter points
| z}v
o f/ 6“’5\0 Intermodal ring evenly
) {{‘ ‘(\0 spaced mount holes Intermodal ring evenly
9 '{/ ) spaced mount holes
— g Avionics volume under ol
g S floor %1 Internal outfitting
£l S|
S| lo ATHLETE mobility ~|
H ol
~ 7 Retractable footpads
0"
o 0
A 0.25m wide (inside
& dimension) channel \
O\ [ with 0.08m flanges O \ ; ; ‘
9 o N -
- 3 & Reinforced load-bearing i l . . N | _ -
‘ 295, 8> fixtures at quarter L
ﬁb points
“Chariot”
mobility

S5
05 ()
‘ 2955555156060 |
‘ Universal mount frame

2.24m|(88”)
|




Notional Representation of Common Small Habitats

Mars Moon Excursion Vehicle

Initial Habitation Module Pressurized Logistics

Ascent Vehicle







